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1971. :\ description is given of a relatively simple technique for

the direct calibration of an electronic ergometer. The procedure

requires only standard shop and laboratory equipment: a machin-

ist's lathe, a platform scale, an electronic counter/timer, and a

strobe light. Construction of a separate drive assembly is not

necessary. The ergometer was tested over a variety of operating

conditions used in physiological experimentation. During tests at

high work loads, appreciable calibration errors were encountered.

Measurements of control circuit outputs indicated that these

errors were the result of an uncompensated decrease in output

torque as temperature increased in the eddy current brake used as

the ergometer load device.

work-load calibration

TIlE BICYC1.E 1.]RG()MI.71'ER iS one of the basic instruments in many

laboratories of applied physiology. Many experimenters use their

electronic bicycles with only the manufacturers' original work-load

calibrations. Some occasionally calibrate thei," machines indirectly

with other mechanically calibrated bicycles (3). The usual proce-

dure for direct calibration (I, 2) requires special equipment often

not available in many instrument calibration laboratories. This

report describes a relatively simple method for the direct calibra-

tion of an electronic ergometer. Results of the calibration are dis-

cussed and suggestions are made for minimizing load errors.

"lhis ergometcr uses as a load device an eddy current brake in

which a solid armature, connected through gearing to the pedals,

is rotated in a magnetic field (Fig. 1). This unit is normally en-

closed in a nonvented steel case. "vVith varying pedal speed, the

work rate (power load) is kept constant by a feedback voltage con-

trolled by pulses from a tachometer generator on the armature

shaft. The tachometer pulses are electronically integrated to pro-

duce a voltage proportional to pedal speed. This voltage, in con-

junction with that of the load selector, controls the current in the

field coils of the eddy current brake. The magnitude of this current

controls the strength of the magnetic field in which the armature

is rotating and thus controls the drag force applied to the armature

and thence to the pedals. The drag force on the pedals changes

inversely with pedaling speed from 6 to 16 rad/s (60 to 150 rpm)

and the power load of the ergmneter is designed to remain con-

stant at the level set by the load selector.

pR(_f:EDURIC

The pedal arms and bicycle framework were removed and the

operating parts of the ergometer were assembled in the shop area.

A 16-inch maehinisCs lathe was used as a source of controlled

mechanical powe," to drive the ergometer. The ergometer pedal

shaft was locked into the latbe chuck, leaving the pedal housing

free to pivot aEout the pedal shaft. A length of stock aluminum

channel was attached to the pedal housing and its fi'ee end posi-

tioncd on tilt: platform balance (._,hadow_raph model 41741. The

height of the balance was adjusted so that its reaction point (center

of weight pan) was level with the pedal shaft and at a measured

distance from it at the balanc('d position. "_V('ight was addud to the

tare pan to eqt,al the force on the ,'eaction point from the weight

of the pedal-brake asseml)ly. Prior to and during each test a strobe

light (General Radio Strobotac t.','l_" 153t-A) was utilized to

measure the angular rate of flu' pedal shaft (lathe speed) and to

calibrate the pedaling rate (ypm) indicator on the ergometer

control box (Fig. 2) For ease in viewing, the period o1" rotation of

the pedal shaft was nlcasured with tim strobe li_4ht aimed at the

key on the end of the brake shaft. The turning ratio of the edd}

current brake shaft to tlw pedal shaft was 16:1. To increase

accuracy, the lwriod of the strobe tlasbes was measured with an

electronic counter/tilnex" (Monsanto model 10001..ks the pedal

shaft was driven at a constant rate the drag lorce of the brake

imparttd a torque about this shaft to the pedal-brake assembh.

Measurements of this torque and the shaft sEeed were used to

derive the true power load being produced by the ergometer.

The load calibration i)rocedure is as tk_llows a) Select a load

vahte (p)l and a pedaling rate IN):

P = 101/ W (100 N-in s) (_;l 1,8 kg-m s)

N = 6.28 rad, s (6(I rlml )

b) I)etermine the required p_'dal shaft torque (l'):

Pw 100
"['N-nt _ --

-'_'ra,l s = 6.21_

= 15.915 N-m (1.623 kgf-m) (11.739 ft-lbf)

c) Measure the lever arm (D) between the pedal shaft axis and

the reaction point at the center of the ba]ance pan:

D - 0.914 m (3,00 ft)

d) Then calculate the force (1"_ exerted at the reaction point on

the balance by the computed torque (T):

'Fx.,,_ 15.915 N-,n
F - 17.4 N (1.77 kg) (3.91 lb)

D,, 0.914 m

e) Add to the tare side of the balance a weight equivalent to the

calculated reaction force (1"):

1: = 1.77 kg (3.91 lb)

f) Set lathe speed (previousl} calibrated with the strolm light) to

the seh'cted pedal speed:

N = (3.28 rad:s (61) rpm)

g) Adjust the crgolncter load seh'ctor until the balance comes to

the balance point, h) Read and record the position of the ergom

etcr load indicator, i) l)ctermine the ergometc," error (El hy sub-

1p watts - Tx .... X N rad/s; Tx .... = 0.10197 kgf-m (0.7376
ft-lbf).
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tracdna the trtte l}ower load (P,) from tim indicated power load

(Pi):

I:; watts = (Pi -- Pt)

During the load calibration when brake }mating became evident,

a thermistor l)robe (Yellow Springs Instruments model 409) was

positioned in the exit airstream of the brake housin_ to monitor

brake exit air temperalure (l:ig. 2).

RESUI/I'S Ell,' GAI,]BRATI()N

A typical calibration ('m'vc (Fig. 3) was run at 6.28 rad.,s (60

rpan), with the steel case in l)[ace on the brake unit (no warm-ut)),

tx'kinnint_ with the lowest load and remaining at each load for

about I rain. The inereasc in telnperature of the ergometcr housing

was nfinhnal. 'lwo additional calibration curves at pedal speeds

of 5.24 and 6.28 rad,s (50 an(l 60 rpm) are shown in Fig. 3. Each

of tlwsc was preceded by 1 hr of warm-up at an indicatecl load of

250 W. These curves will apply only as long as the brake tempera-

ture remains at the level reached during the warm-up.

]:or lhe next run, a true load of 250 W was applied to the er

gomete," al 5.24 tad s (50 rpm), case on, for a l)eriod of 1 hr (l"itz.

4). 'lhe housing t('mlx'rature and the indicator error increased

sevcrely. After 55 rain the stect casinq was ahnost too I)ot IO louch,

the load selector was at its maximal travel, and the in(licator rea(l

397 W. Beyond this point the ergometer could no longm mainlain

a true load of 250 _V. \Vhen thc ergomcter had co(ded to room

temperature, the steel case was removed fl'om the pedal-brake

assembly and another I-hr run was maElc at 250 W and 5.2,1

rad s. l'he increase in indicator error was somewhat less severe

cturinu this run, and equilibrium was reached at 320 W in<licatcd
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in50min.1,Vhentheergometerhadagaincooledtoroomtenl-
perature,anotherrunwasmadeatthesameloadwiththepedal
speedincreasedto6.28rad/s.Thehigherspeedincreasedtheflow
ofairthroughthecoolingfinsonthebrakeandfurtherimproved
ergomcterperfornlance,sothatequilibrium,atanindicatedload
of278W,wasreachedin50min(Fig.4).TheresultsfromFig.4
clearlyindicatetiledifficultyinusingtheloadindicatorofthis
ergometerformaintainingaccuratehighworkloadsdiningcon-
tinuousoperationin testslastingupto 1hr.Braketemperature
equilibriumisestablishedwhentheergometer,withou.titscasing,
isoperatedatconstanthighloadsforlongerthan1hr.Aconstant
correctioncanthenbeappliedtotheloadindicator.

Thetemperaturerisein theairflowwasmonitoredwhilethe
previousrunof250D/at6.28rad/swasrepeated.Thebrakeair
temperaturereachedequilibriunlafterariseof23° K abovethe
ambientairtemperaturein40nlin(Fig.5,outerordinatescale).

Intermittentergometer operation was also included in this test

sctwduh'. The manner in which ergometer error changes during

such a run is shown in Fig. 5. In this example, 30 s of 6.28 rad/s

(60-rpm) pedaling at 250 '_V true load is ahernated with 30 s of

rest for the duration of the run. Every other work cycle is omitted

from the plot for greater clarity. The end points of the line seg-

ments show the indicated loads at tile beginning and end of in-

dividual work cycles. The average values for indicated load follow

a curve similar to that for 6.28-rad/s (60-rpm) continuous opera-

tion (Fig. 3) but level off at a lower load error. The rate at which

the load indication changes during each work cycle does not vary

much throughout the run and is similar to that of the first 30 s of

the 6.28-rad/s curve in Fig. 3.

To obtain further data on tile effects of brake temperature

variations upon the accnracy of this ergometer, a SlX'cial test was

made later in which the brake control coil voltage and current

were monitored while the ergometer was pedaled at a constant

speed with a fixed (200 W) setting of the load control. Brake tem-

perature increased and true torque decreased as before but no

variations were detected in either the voltage or current in the

brake coil.

co.,vcI.tJs_oNs

Measurements made during and after the calibration of this

ergometer support the following observations. 1) On short runs at

low work loads, ergometer errors of about +4% of full-scale work

load can he expected. 2) On long runs at high loads, errors in

excess of +100 _V and greater than +50% of true load can occur
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with a considerable rise in brake temtwrature. 3) Tile crgometer

load error increases as brake temperature increases. 4) Brake tem-

perature increases as brake torque is increased when the ergometer

work load is increased at a given pedal speed or when pedal speed

is decreased at a given work load. 5) During constant speed opera-

tion at any fixed load control setting, the brake control coil voltage

and current remain constant; but brake torque decreases as brake

temperature increases.

The ergometer load indicator is actuated by the brake control

current, but true ergometer work load is a direct function of brake

torque. Therefore, the large errors encountered during this cali-

bration are the result of a decrease in the ratio of brake torque to

control current as brake temperature increases.

The brake used in this ergometer is an air-cooled eddy current

brake with a continuous power rating that is ample for all loads

within the range of the ergometer. To operate at this rating, the

brake must be provided with adequate cooling to remove the heat

it generates. The location of this brake within the nonvented casing

of the ergometer pedaling unit severely restricts its capacity for heat

dissipation. The resulting temperature effect on brake torque

produces gross load errors and reduces the load capacity of tile

ergomcter.

The most obvious and easily accomplished solution to this

problem would be to increase the ttow of cooling air through the

})rake by ventilating Ibe case, removing the case, or adding ex-

ternal equipment to increase the velocity and/or reduce the tem-

perature of the cooling air. Simple techniques for improving brake

heat dissipation should be capable of eliminating a maior portion

of the load error in this ergometer.

Even with good cooling, small changes in brake temperature

will probably occur. This smaller source of load error might be

nullified by tile addition of a temperature feedback circuit to

modify brake control current in compensation to the effect of

small variations in brake temperature. This might be more prac-

tically applied to the design of a new ergometer than to the modi-

tication of an existing one.

The large errors encountered during this calibration help to

emphasize the importance of calibrating this type of equipment

prior to its use. The technique described in this paper can be

adapted to the calibration of other types of ergometers. The pro-

cedure is an alternative method of direct ergometer calibration to

local measurement standards without a specially huilt drive

assembly.
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